The objective of this article is to provide an analysis of the relationship existing between cereal prices and several variables such as population, income, exports, the exchange rate, and speculation, by using a linear regression analysis. Specific emphasis is placed on the speculative dimension. The methodology used helps us explore the forms of relationships between the different variables, and, more specifically, it gives an insight into the extent of speculation during the recent critical time period. Our results show that speculation (defined by the long position of traders) has played a crucial role during the period June 2001 -December 2009. According to our analysis, speculation it is the most relevant independent variable that affects cereal prices. Exports, in some ways connected to the former variable, occupy second place, in term of significance. However, their impact on cereal prices is less relevant than that of biofuel production. Population growth does not have impact in a positive way on cereal prices; it acts in the opposite direction due to the change in diets, implying that population increases would tend to affect primarily other agricultural markets. Excessive volatility in food prices, as that observed in the last years is a dramatic question. From a demand point of view, consumers in developing countries and vulnerable income groups in other countries (farmers) have to be protected. More than one policy on both international markets and domestic markets have to be introduced so as to lessen food/cereal lower price volatility.
Introduction
Whereas during the period spanning over the years , food prices on world markets fell by three-quarters in real terms, the sudden increase of food prices since 2005 seems to have started a new era of 'agflation'.
Although the changing food patterns in large emerging economies such as China and India and the increased land requirements for growing non-food crops aimed at the transport sector in developed economies explain part of this increase, the speculation in physical commodities market (such as corn, coffee, cocoa and wheat) may also have a role to play. The diminishing arbitrage prospects by investors in the currency markets, combined with the credit crunch and the housing crash, have caused a flight to food and energy commodities. Agricultural products consist usually of basic food, and they represent the main component of rural incomes as well as the diet of poor segments of populations in developing countries. This means that high food prices hit primarily poor consumers, and that low agricultural prices hit poor farmers.
The objective of this article is therefore to provide an analysis of the relationship existing between cereal prices and several variables such as population, income, exports, the exchange rate, and speculation, by using a linear regression analysis (Section 4). Specific emphasis will be placed on the speculative (or arbitrage) dimension in cereals markets (Section 3). The time period covers the years June 2001 -December 2009 and the analysis encompasses four major commodities, namely corn, rice, wheat and barley.
The methodology used helps us explore the forms of relationships between the different variables, and, more specifically, it gives an insight into the extent of speculation during this critical time period. The analysis will conclude with policy recommendations in the area of agricultural and commodity markets (Section 5). Beforehand, a few insights into the main demand and supply explanatory factors of agricultural commodity (cereals) prices will be scrutinized (Section 2).
Demand and supply drivers
The factors that affect the pricing of agricultural commodities (particularly cereals) are complex; they are widely debated and analysed. Many authors conclude that the most important factor of the rapid recent rise in food prices is the large increase in biofuel production, mainly in the industrialized countries (Mitchell, 2008; Kutas et al, 2007; IFRI, 2008; Muller, 2008) . Others identify speculation as a source of increasing agricultural commodity prices in (Robles et al 2009 Walp, 2009; Timmer, 2009; Pace et al, 2008) . Although the relative importance of the different explanatory variables vary across studies, these analyses tend to agree with the broad conclusion that behind the rapid increase (and then decrease) in food prices, there are several factors at play.
Graph 1 shows the recent price hike (2007) (2008) in the case of the four crops under review, namely barley, corn, rice and wheat. One should note that a certain trade-off exists between the different crops, implying that an increased demand for one specific cereal (corn, as example) may have an indirect impact on the price of other crops such as rice. When food prices increased in [2007] [2008] , the role of speculation in these markets was almost entirely ignored, while the production of biofuels was considered as the main responsible factor for these sharp increases. The decrease in food prices from July 2008 posed a new intriguing question. Neither an increasing demand emanating form emerging countries, nor agro-fuel production could totally be responsible for rising prices, and then for their aftermath decrease.
The reason for the interest in cereal price volatility is that cereals (grains or cereal grains) provide more food energy worldwide than any other type of crop; they are therefore staple food. In some developing countries, cereals in the form of corn (wheat or rice), constitute a large proportion of the average household's daily subsistence. In developed countries, they are still important, although their level of per capita consumption is substantially lower than in developing countries. 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 BARLEY CORN RICE WHEAT the emergence of genetically modified corn seed Bt) 2 that has widely penetrated the area of corn production. Corn is therefore more closely linked to crude oil because it is a raw material for ethanol production, and it can therefore increasingly be seen as a substitute component of crude oil.
Corn for food therefore increasingly competes with corn produced for energy purposes.
Wheat is the most important cereal in international trade because of its easiness of transportation and processing processes. In the list of staple foods, it ranks second after rice. About two thirds of its production is for human consumption and approximately one sixth is used for livestock feed. than 90 per cent of the total world production. The role of speculation in the rice market has usually not been included in analyses because of the marginal incidence of rice futures markets and trade (Timmer, 2009 In 2008, supply responses to high prices and lower input prices (mainly energy) is evident in the case of corn and wheat (Graph 2) where the production increased, while it decreased for rice. In the future, the growth of cereal production can be predicted outside the industrialised nations, where productive factors are not fully utilised. In fact, there is a large amount of uncultivated or underutilized land, mainly in developing countries. The relatively large share of rice in total cereal production comes from increased agricultural productivity (Graph 3), but increased production requires higher productive costs per unit. The yield of grain crops has been increasing since the advent of the agricultural revolution and now agricultural productivity growth is slowing. 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 A market with a high number of contracts is attractive from a trading stand-point. As shown in graph 6, the main cereals markets affected by futures contracts are corn and wheat, whereas rice and barley markets are characterised by low and stable movements. As was discussed above, the former two agricultural commodities are more affected by significant changes in supply and demand than the latter two markets.. As depicted in graphs 6 and 7, we can observe a great variability in corn followed by wheat, both in terms of futures and open interests; this variability signals that speculation has a crucial role in these agricultural commodity markets and has potentially an important impact on prices. By contrast, minor variations characterise rice, and it can be argued that a trade-off among corn and/or wheat and rice is potentially under play. The relative stability of rice in both futures volumes and open interests is partially due to the small quantity of rice traded on the international market and to the strong public policies adopted by some producing and consumer countries as a consequence of soaring prices.
Open interests

Results -Explanatory factors of cereal price changes
In our uniequational regression analysis, the dependent variable is the Table 1 (in logarithmic levels), Table 2 (percentage of increments of the dependent variable LOG(IND_PR) when one explanatory variable is incremented by 1%) and First of all, the results of the adjusted R-squared show that more than 93
per cent of the variation of cereal prices is explained by the regression analysis and that this model has therefore a rather large explicative power. With regard to the partial correlation, the value is very high in the cases of population and biofuel production (almost equal -1 and 1 respectively),
showing a strong correlation between these single explanatory variables and the dependent ones. Medium levels are observed in the index of exports and exchange rate, while lower correlations characterise the index of futures, the index of ending stocks, the long term positions and finally the productivity index.
The percentage variations in logarithmic scale (Table 2) show that a one percent increase in population will decrease cereal prices by 29 percent, and that a one percent increase in biofuel production will result in a 0.56 percent increase in price. In general, the inverse relationship between productivity and price is rather logical and consistent with historical trends, whereas the negative sign for the population coefficient implies that the growing world population does put a strain on the world agricultural systems indeed, but that this is not so much the case for the prices of the four cereals analysed here. The positive relationship existing between the long position of traders (on average correlated but the most significant variable of all, see Tables 2 and 1 ) and cereal price suggests that speculation does play a major role in explaining cereal price increases over the period. This finding is consistent across the two types of analyses (in levels and in percentage change terms, with and without a log transformation) as well as in the short-run (results not reported here).
T a b le 2 -P er cen ta g e o f i n cr emen t s (Δ %) o f t h e d epen d en t v ar
The importance of arbitrage on international markets is corroborated by the result for exports which is also a highly significant explanatory variable. Although less significant, but highly correlated to the cereal prices, biofuel production does also play an important role in the upward trend of cereal prices, with a one percent increase in biofuel production resulting in nearly a 0.56 in a logarithmic scale, and 0.23 per cent without the log transformation in the price of the analysed cereals.
Finally, the positive and statistically significant relationship between prices and the dollar-euro exchange rate reflects the relative depreciation of the dollar vis-à-vis the euro over the time period, and it may throw a note of caution on the interpretation of price increases in nominal terms (the impact of this explanatory variable on cereal prices is 0.04 and 0.50 with and without a log transformation). Cereal prices are denominated in dollar terms, but food price increases are somewhat cushioned in countries with an appreciating exchange rate, such as those of the euro-area.
Concluding remarks
The present crisis shows some similarities with the world food crisis of the 1970s when the green revolution was implemented. Bad whether conditions in 1972 caused world food production to drop, and this was followed by the 1973 oil shock. In that decade, world cereal prices were higher than ever before, and this lasted until the 1980s. Beyond these apparent similarities, what are the differences with the current situation? To answer this question, some relevant factors affecting world prices have to be recalled.
The short-term factors are generally recognised as conducive to price increases. These factors are: adverse weather conditions, reduction in food stocks, international trade policies (such as the imposition of export restrictions), modification of productive costs (energy, fertilisers), and marketing power as far as consumers are concerned. In the long-term, rising biofuel production, growing demand from emerging countries, and limited productivity growth can be listed. However, the issue surrounding the impact of these factors on commodity prices is rather complex.
Several studies have considered the impact of biofuel production on price cereals. A positive correlation has normally been underlined, but the measure of growing renewable energy on world cereal prices differs from author to author. Less explored has been the issue of speculation or arbitrage by international traders.
With the help of a regression analysis, we identify a number of supply-side and demand-side independent variables that are responsible for cereal price trends. Our results show that speculation (defined by the long position of traders) has played a crucial role during the period under review (June 2001 -December 2009 . According to our analysis, speculation it is the most relevant independent variable that affects cereal prices. Exports, in some ways connected to the former variable, occupy second place, in term of significance. However, their impact on cereal prices is less relevant than that of biofuel production, in terms of the shock represented by the price rise. Population growth (generally recognised as a positive determining driver of food/cereal prices) does not have impact in a positive way on cereal prices; it acts in the opposite direction due to the change in diets (from vegetable to animal proteins), implying that population increases would tend to affect primarily other agricultural markets.
Excessive volatility in food prices, as that observed in the last years of the period under study in this article, is a dramatic question. More than one policy on both international markets (trade related measures, stock policies, new rules on futures markets) and domestic markets (at production and consumption levels) have to be introduced so as to lessen food/cereal lower price volatility. Speculation, biofuel production and, to a lesser degree, productivity can be regulated. Even if it is still not clear whether speculation affected physical markets or whether it was the growth of the markets itself that nurtured speculation, it is clear from the analysis provided here that speculation can and has to be cushioned with more severe rules in the international markets. The limited fuel resources and their impact on climate changes require more biofuel production, but this could take place under the condition that the food security is more important than energy security (Peskett et al, 2007, Von Braun and Pachauri, 2006) . Production can be boosted with a fairer access to inputs by farmers, mainly those leaving in rural and marginal areas.
